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Abstract: One of the currently most relevant resistance mechanisms in Enterobacteriaceae is the produc-
tion of enzymes that lead to modern expanded-spectrum cephalosporin and even carbapenem resistance,
mainly extended-spectrum ￿-lactamases (ESBLs) and carbapenemases. A worrisome aspect is the spread
of ESBL and carbapenemase producers into the environment. The aim of the present study was to assess
the occurrence of ESBL- and carbapenemase-producing Enterobacteriaceae and to further characterize
ESBL- and carbapenemase-producing Enterobacteriaceae in rivers and lakes in Switzerland. ESBL-
producing Enterobacteriaceae were detected in 21 (36.2%) of the 58 bodies of water sampled. One river
sample tested positive for a carbapenemase-producing Klebsiella pneumoniae subsp. pneumoniae strain.
Seventy-four individual strains expressing an ESBL phenotype were isolated. Species identification re-
vealed 60 Escherichia coli strains, seven Klebsiella pneumoniae subsp. pneumoniae strains, five Raoultella
planticola strains, one Enterobacter cloacae strain, and one Enterobacter amnigenus strain. Three strains
were identified as SHV-12 ESBL producers, and 71 strains carried genes encoding CTX-M ESBLs. Of
the 71 strains with CTX-M ESBL genes, 8 isolates expressed CTX-M-1, three produced CTX-M-3, 46
produced CTX-M-15, three produced CTX-M-55, one produced CTX-M-79, six produced CTX-M-14,
and four produced CTX-M-27. Three of the four CTX-M-27 producers belonged to the multiresistant
pandemic sequence type E. coli B2:ST131 that is strongly associated with potentially severe infections in
humans and animals.
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Complete Genome Sequence of Listeria monocytogenes LL195, a
Serotype 4b Strain from the 1983–1987 Listeriosis Epidemic in
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The complete genome sequence of Listeria monocytogenes LL195, a serotype 4b clinical strain isolated during the 1983–1987 lis-
teriosis epidemic in Switzerland, is presented.
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Listeria monocytogenes is a Gram-positive opportunistic food-borne bacterial pathogen. It causes listeriosis, an illness with
serious consequences for immunocompromised people, such as
pregnant women, neonates, and elderly people (1). Switzerland
experienced a long-lasting listeriosis epidemic from 1983 to 1987,
which was associated with the consumption of Vacherin
Montd’or cheese and led to 122 clinical cases and 31 fatalities (2,
3). We determined the complete genome sequence of L. monocy-
togenes LL195, a serotype 4b strain recovered from a listeriosis case
during this epidemic.
A paired-end library of the LL195 genome was created and
sequenced using the Illumina Genome Analyzer (GA) II se-
quencer. In total, 107,606,904 reads of 50 bp were obtained from
the sequencing (~1,700-fold genome coverage). The genome of
L. monocytogenes F2365, a serotype 4b soft-cheese-derived isolate
from the 1985 California Jalisco cheese listeriosis outbreak, was
used as a reference (4, 5) for the comparative assembler
AMOScmp (6). A total of 16 contigs were produced in the assem-
bly. All gaps were closed using the Sanger sequencing method,
resulting in one unambiguous scaffold. This single scaffold repre-
sents the complete circular LL195 chromosome, consisting of
2,904,662 bp with a GC content of 38%.
The coding sequences (CDSs) were predicted based on a
house-internal workflow that integrates ab initio predictions from
Glimmer, GeneMark (7), Prodigal (8), and Critica (9) with ho-
mology information derived from a BLASTp search against the
NCBI nonredundant (NR) database (10). Noncoding RNAs were
identified using tRNAscanSE (11) and RNAmmer (12) and by
searching against the Rfam database (13). Functional annotation
of the CDSs was based on InterProScan (14) and the Swiss-Prot
and trEMBL (15) databases.
The genome sequence of LL195 contains 2,838 protein-coding
genes, six 16S-5S-23S operons, and 67 tRNA genes, and it harbors
no plasmid or prophage genes. Although LL195 and F2365 ge-
nomes share high levels of similarity (99.9%), the LL195 genome
has 197 single nucleotide polymorphisms (SNPs) and 37 inser-
tions and deletions compared against the F2365 genome. Al-
though virulence genes are highly conserved between the two ge-
nomes, there are single SNPs in hly and inlB genes, as well as three
SNPs and a single nucleotide deletion in the inlJ gene in LL195
compared against F2365. Notably, although the F2365 inlB is a
pseudogene, due to a nonsense mutation that creates a premature
stop codon (16), an SNP in the LL195 genome leads to an intact
inlB gene in this strain.
Nucleotide sequence accession number. The sequence and
annotation of the L. monocytogenes LL195 genome have been de-
posited in the EMBL database under the accession no. HF558398.
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